To examine the components of energy balance during lactation in a population of economically disadvantaged women in an urban developing country setting in order to better understand the metabolic response to lactation. Design. Cross-sectional comparison of lactating (LACT) and non-pregnant non-lactating (NPNL) women. Body size and composition were assessed via anthropometry, energy intake was measured using estimated diet records and energy expenditure using indirect calorimetry and the Flex-Heart Rate method. Setting: Low-income neighborhoods of Cali, Colombia. Subjects: Lactating women (n ¼ 15) studied at 2.4 AE 0.8, 5.5 AE 0.8 and 8.9 AE 1.2 months postpartum, and NPNL women (n ¼ 48) studied in three measurement rounds at 0, 3.5 AE 0.6 and 7.1 AE 1.0 months. Results: There were no significant differences between LACT and NPNL women in anthropometric dimensions, but LACT women showed decreases in waist -hip ratio, lean body mass and increases in mid-arm circumference and percentage body fat with time. Energy intake was higher in LACT women (P ¼ 0.04), but there were no significant between-group differences in energy expenditure variables. Conclusion: This group of women met the cost of lactation principally via increased energy intake.
Introduction
The energy cost of milk production in the first 6 months of exclusive breastfeeding increases women's daily energy needs by about 30% (FAO=WHO=UNU, 1985) . How women meet this need for additional energy has been of considerable interest in terms of both basic biology and policy implications. Although only a limited number of studies have examined both sides of the energy balance equation, intake and expenditure, it appears that women in different populations may use different strategies to cover the cost of milk synthesis. For example, well-nourished Indian women increased food intake, but did not mobilize fat stores to any significant extent (Piers et al, 1995) . In contrast, rural women in Guatemala did not increase energy intake, but met the additional costs primarily via the mobilization of body fat stores (Schutz et al, 1980) . Since differences in strategies are probably contingent, at least in part, on environmental circumstances, data are needed from a variety of populations living under a spectrum of different conditions to fully understand the energetics of lactation.
In this paper we examine the components of energy balance (energy intake, energy expenditure and body size and composition) in a population of economically disadvantaged women living in an urban setting (Cali) in a developing country (Colombia) in an attempt to better understand the human response to lactation. Women in this population have normal nutritional status as judged anthropometrically, but exhibit a high degree of food insecurity (Dufour et al, 1997) . We have previously shown an increase in muscular efficiency in lactating women in this same population (Spurr et al, 1998) . This increase in efficiency results in a small saving in energy expenditure of 523 kJ=day (125 kcal=day), and is the only study to demonstrate an energy-sparing adaptation in lactating women.
Methods

Subjects and setting
The subjects were lactating and non-pregnant non-lactating (NPNL), women 19 -40 y, all of whom were volunteers recruited via word of mouth as part of a larger study of the energy-nutrition of poor urban women. Women were considered to be lactating if they reported breastfeeding their infant at least three times a day. Women were considered to be NPNL on the basis of self-report at each measurement round. Women who reported becoming pregnant during the study were reclassified as pregnant and continued as subjects. At baseline all subjects were healthy as judged by a routine medical exam performed by a local physician. The research protocol was approved by the Human Research Review Committee of the Medical College of Wisconsin and the Research Committee of the Universidad del Valle.
The women lived in two poor neighborhoods (barrios) on the periphery of Cali, a city of $ 2.2 million people. The characteristics of these neighborhoods have been described (Dufour et al, 1999) . Briefly, both of the barrios originated in the mid-1970s, one as a pirata (organized land invasion on illegally sold house lots), and the other as a simple invasion, a few families at a time. In the early 1990s neither had paved streets, adequate street lighting or telephone service, but had municipal solid waste disposal. The residential units were small houses, many of which were still under construction and still had dirt floors. In the first barrio, most of the houses were connected to municipal water, electricity and sewerage. In the second barrio, most of the houses had access to electricity through connections the barrio residents themselves had engineered. Most houses had access to municipal water via rubber hose connections from a neighboring barrio; other households used public water taps. Some households had made arrangements for the disposal of household waste water into nearby drainage ditches.
The study described here was completed before recent guerrilla activity in nearby rural areas, with resultant influx of families fleeing violence into the area under study, and a general downturn in the economy of Colombia, both of which have served to worsen the socioeconomic situation.
Study design
Lactating women (n ¼ 15) were studied at three times: 2.4 AE 0.8, 5.5 AE 0.8 and 8.9 AE 1.2 months postpartum (months pp). These times were based on the ages of the suckling babies (1 ¼ < 4; 2 ¼ 4 -< 8; 3 ¼ 8 -10 months) and are referred to here as 2.4, 5.5 and 9 months pp, or simply as measurement rounds. NPNL women (n ¼ 48) were also studied at three times, 0, 3.5 AE 0.6 and 7.1 AE 1.0 months. The samples included all the lactating and NPNL women for whom we had three rounds of data for all or most all of the variables measured.
All measurements in each round were completed during a 1 week (5 weekdays) period. Anthropometry, interviews, measurements of resting metabolic rate (RMR) and in activity (treadmill walking) were done in the laboratory on one day. Measurements of basal metabolic rate (BMR) were done in duplicate on two other days (consecutive) in the early mornings in the subjects' homes. Following the measurement of BMR the subject was free to carry on with her daily activities as she normally did, but wore a heart rate recorder until about an hour before she retired for the night. In addition, her physical activities and food intake were recorded by a trained observer from the neighborhood. This design resulted in 2 days (consecutive) of food intake and energy expenditure data for each woman in each of the three measurement rounds.
Anthropometry, blood hemoglobin and sociodemographic characteristics Anthropometric measurements were taken by a trained technician following standard techniques described by Lohman et al, (1988) . Body weight was measured to AE 25 g with a Homs Beam Balance (Hom Corp., Belmont, CA, USA) with the subjects lightly clothed and without shoes. Height was obtained with a wall stadiometer. Skinfolds were measured in triplicate using a Lange skinfold caliper (Cambridge Scientific Instruments, Cambridge, MD, USA), and midupper arm (MUAC), thigh and calf circumferences with a flexible steel tape. Upper-arm muscle area was calculated as [MUAC 7 (triceps skinfold Á p)] 2 =(4 Á p). Body mass index (BMI) was calculated as weight=height 2 . Lean body mass (LBM) was estimated from anthropometry using an empirical equation derived from women in this population (Spurr et al, 1994b) . Fat mass was calculated as body weight 7 LBM, and percentage body fat as (fat mass=body weight)Â100. Blood hemoglobin was obtained on fingertip blood by the cyanmethoglobin method. The energy value of catabolized lean mass was taken from Brockway (1989) .
Energy and nutrient intake
Dietary intake data were collected using estimated food records kept by trained observers. The method is described in detail in Dufour et al, (1999) . Briefly, the observers were young women (aged 18 -25 y) who lived in the same neighborhoods as the subjects and were trained to unobtrusively record both physical activity and diet intake. They recorded food intake by estimating the serving size of food items as they were served or selected by the subject. Descriptions of food item sizes were later converted to gram weights using a food portion size data table developed specifically for the Energetics of lactation in Colombian women DL Dufour et al study. In addition, volumetric measurements of serving utensils and drinking vessels were completed in each subject's home before observations of the food intake for that subject began, and these measurements were used as appropriate. Energy and nutrient content of foods were obtained from published food composition tables (Instituto Nacional de Nutrició n, 1967; Pennington & Church, 1985 ; US Department of Agriculture, 1994) , proximate analyses of samples of the most commonly consumed foods, and in the case of packaged snack foods, information on the package. Weighed recipes were also collected and analyzed. Energy and nutrient intakes were calculated using custom software programs written by GBS.
The safe level of protein intake for lactating women was calculated as suggested by FAO=WHO=UNU (1985) as the normal estimate for NPNL women, corrected for digestibility plus an additional 16 g per day during months 0 -6, and an additional 12 g per day during months 6 -12. Digestibility relative to reference proteins was assumed to be 85%, the value suggested by FAO=WHO=UNU (1985) for use when the actual digestibility is unknown.
Energy expenditure Total daily energy expenditure (TDEE) was measured using the Flex-HR method. This involved repeating the following sets of measurements in each of the three measurement rounds: (1) the establishment of the heart rate -oxygen consumption calibration curve for each subject at rest and in activity; (2) the determination of BMR via indirect calorimetry; (3) and the measurement of heart rate (HR) at 1 min intervals during the awake portion of the day. Spurr et al, (1988) have described the technique and its use in Cali women (Spurr et al, 1996) . Briefly, oxygen consumption (VO 2 ) at rest (RMR) was obtained in the laboratory by indirect calorimetry with the subject in the three resting positions (lying down, sitting and standing quietly). VO 2 was measured continuously at 1 min intervals by measuring inspiratory gas volume with a Parkinson-Cowan meter and sampling expired air from a mixing chamber using a CostillWilmore (R-Pel Co, Altos, CA, USA) apparatus. Measurements were repeated until oxygen consumption levelled off at minimum levels (differences 30 ml=min). Oxygen and carbon dioxide concentrations were measured with Beckman medical gas analyzers (OM-14 and LB-2, respectively, Sensormedics, Anaheim, CA, USA). RMR was calculated as the mean of the value obtained in each of the three positions. Heart rate (HR) was recorded from hard-wired precordial lead CM5 at 1 min intervals. Oxygen consumption in activity was measured on a treadmill for the last 30 s of successively increasing 2 min workloads until the HR approximated 150=min. VO 2 and HR were measured during the last 30 s of each workload as described above for RMR. The heart rateoxygen consumption calibration curve for each subject was obtained from the least-squares regression of VO 2 on HR.
This calibration curve was used to calculate energy expenditure (EE) from HR recording during normal daily activities.
BMR was measured via indirect calorimetry in duplicate on each of two successive weekdays on all subjects in their homes after an overnight fast (Spurr et al, 1994a,b) . The subjects were instructed not to eat or get out of bed before the technical team arrived between 06:00 and 07:00 h. In most cases the subjects were still asleep when the team arrived. Samples of expired air (10 min) were collected from each subject in a 200-l meteorological balloon, and the volume later was measured in the laboratory with a Parkinson-Cowan dry gas meter (CD4; C Poe Co., Houston, TX, USA). Immediately on termination of the expired air collection, duplicate aliquots of mixed expired air were taken in oiled syringes and later analyzed in the laboratory for oxygen and carbon dioxide concentrations using the Beckman medical gas analyzers. The basal respiratory exchange ratio (CO 2 production=O 2 consumption) and the BMR were calculated as described by Consolazio et al (1963) .
EE from HR was obtained from the min-by-min HR recording using the subject's individual calibration curve as described by Spurr et al (1988) . TDEE was calculatedas the sum of EE while the subject was on the HR monitor, BMR during the hours of sleep (8.5 AE 0.9 h), and RMR for the time (average ¼ 67 min) not accounted for by HR monitoring or sleep. TDEE minus BMR (TDEE 7 BMR)wasdefinedas the EEinactivity. Physicalactivity level (PAL) was calculated as TDEE=BMR.
The Flex-HR method has been validated by comparison with both whole-body indirect calorimetry (Spurr et al, 1988; Ceesay et al, 1989) and the doubly labeled water method (DLW) in adults (Livingstone et al, 1990 ) and children (Livingstone et al 1992) . DLW is considered the gold standard in measurements of EE in free-living subjects. Lovelady et al (1993) found good overall agreement between the Flex-HR and DLW method in lactating women.
Time allocation in physical activity
A min-by-min record of the activities engaged in by subjects during normal waking hours (14.3 AE 0.7 h) was kept by the same trained local observers who recorded dietary intake. The observers recorded activities using the activity diary technique (Durnin & Passmore, 1967) , and a code that specified body position, the principal activity engaged in, and a secondary activity or description that provided additional confirmation on the activity or context. Our analysis in this paper is limited to time spent in breastfeeding and the number of breastfeeding bouts per day, and time spent in the two activities (body positions) most closely associated with breastfeeding, lying and sitting. Further details of the method are provided in Spurr et al (1996) .
Data analysis
In this analysis we use the mean energy intake for 2 days in each round and the mean TDEE for the same 2 days in each Energetics of lactation in Colombian women DL Dufour et al round. For subjects who did not have 2 days of TDEE measurements the value of a single day was used. This occurred in approximately 50% of the subjects in any given round due to the technical difficulties of recording HR. In any event, there were no statistically significant differences between the two successive days of TDEE measurements in any of the groups of present subjects (Spurr et al, 1996) . Descriptive statistics are presented as means and standard deviations, unless indicated otherwise. Mean differences between LACT and NPNL women in anthropometric characteristics, energy intake, BMR, TDEE, TDEE 7 BMR and PAL were each evaluated by two-way analysis of variance (ANOVA) with repeated-measures in the time dimension. Significant differences in the group dimension in the ANOVA were followed up using the Bonferroni multiple comparison test to examine group differences at each time interval. Significant differences in the time dimension and timeÂgroup interactions were followed-up using a one-way repeated measures ANOVA for each group to better understand the time dimension within each group and pairwise ttest comparisons with a Bonferroni correction to examine group differences at each time interval. Levene's test for equality of variances was used to test the null hypothesis that variances were equal. When a statistically significant Bartlett's test resulted, the variables were converted to logarithms and the ANOVA repeated.
With one exception, all of the statistical analyses, as well as the power calculations, were completed using SPSS 10.0 (SPSS Inc., Chicago, IL, USA). The exception was the data on breastfeeding frequency which was analyzed using SigmaStat 2.0 (SPSS Inc, Chicago, IL, USA). Significance was set at P < 0.05 for all statistical tests.
Results
The LACT women breast fed their infants 8.6 -7 times a day, for a total of 68.3 -48.8 min=day, during the hours of observation (Table 1) . Both breastfeeding frequency and total time tended to decrease over the three rounds of measurement but differences between rounds were not statistically significant. Parity in the LACT women was 2.4 AE 0.6, and significantly greater (P ¼ 0.03) than that of NPNL women (Table 1) . Blood hemoglobin values were significantly lower in LACT women at 2.4 months pp (P ¼ 0.01), but increased significantly over time (P ¼ 0.02) and were similar to those of NPNL women at 9 months pp. Of the lactating women, 33, 27 and 40% were employed in income-earning activities at 2.4, 5.5 and 9 months pp, respectively. These activities included childcare (40%), street vending (33%), services like ironing (13%), and domestic service (7%). Approximately half (58%) of the NPNL women worked in income generating activities. The types of work they engaged in were similar to those of the lactating women and included childcare (19%), street vending (10%), domestic service (13%), and services like ironing (12%).
Employed women tended to spend less time breastfeeding during the hours of observation (by about 13, 6 and 5 min= day in rounds 1, 2 and 3 respectively) than did nonemployed women but differences between groups were not statistically significant. Employed women also tended to breastfeed less frequently during the hours of observation than did non-employed women (7 vs 9.4, 8 vs 8.1 and 7.3 vs 6.7 times=day in rounds 1, 2 and 3 respectively) but differences were only statistically significant in round 1 (P ¼ 0.043).
Anthropometry
The results of the anthropometric and body composition measures of LACT and NPNL women are presented in Table  2 . Based on absolute values, LACT women were 3.5, 4.1 and 3.3 kg heavier at 2.4, 5.5 and 9 months pp than the NPNL women. These are biologically important differences, but the between group difference was of borderline statistical significance (P ¼ 0.05). The power of the test (0.30) was below the desired power of 0.80, indicating that we cannot exclude the Energetics of lactation in Colombian women DL Dufour et al possibility that the LACT women are actually heavier. As a group, the LACT women showed a non-significant weight change of þ 0.4 kg between 2.4 and 9 months pp. Approximately half (47%) of the women lost weight ( 7 0.25 to 7 5.75 kg) and the remainder (53%) actually gained weight ( þ 0.60 to þ 4.53 kg; Figure 1 ). The LACT women also had higher absolute values for BMI, skinfolds and most circumferences than the NPNL women, but between-group differences were not statistically significant, nor were there statistically significant changes with time LACT women, except for MUAC. For MUAC the timeÂgroup interaction was significant. Follow-up tests using one-way repeated measures ANOVA indicated that MUAC in the LACT women increased significantly (P ¼ 0.01) over time.
Between-group differences in fat mass were not significant, but the two-way ANOVA indicated statistically significant increases over time (P ¼ 0.001). Follow-up analysis using one-way repeated-measures ANOVA on each group indicated that fat mass in NPNL women increased between 2.5 and 9 months (P ¼ 0.03). In terms of absolute values the increase in Energetics of lactation in Colombian women DL Dufour et al fat mass in LACT women was even greater ( þ 2.7 vs þ 1.1 kg) than found in the NPNL women, but differences over time were not significant (P ¼ 0.07). The power of the test was relatively low (0.52) due to the combination of a small nvalue and the high within-group variability at each time interval. Hence, we cannot exclude the possibility of a gain in fat mass in lactating women in this population. Betweengroup differences in LBM were not significant, but again the effect of time was significant. Follow-up analysis using oneway repeated-measures ANOVA on each group indicated that LBM in LACT women declined between 2.5 and 9 months (P ¼ 0.02) by 2.4 kg.
Percentage body fat showed a significant timeÂgroup interaction. Follow-up analysis indicated that the significant increase in percentage body fat was in LACT women (oneway repeated-measures ANOVA, P ¼ 0.04), and no doubt a function of the loss of lean tissue.
Energetics
The results of the energy expenditure and dietary intake measurements are shown in Table 3 . Absolute values for BMR were higher in LACT women at 2.4 and 9 months pp, but the differences were small and not statistically significant, and there were no significant changes in BMR over Energetics of lactation in Colombian women DL Dufour et al time. Basal respiratory exchange ratios were not significantly different in the two groups. Absolute values for TDEE tended to be higher in LACT women, but again between-group differences were not statistically significant and there were no significant changes over time. The results for activity energy expenditure (TDEE -BMR) and PAL (TDEE=BMR) followed similar patterns. Percentage time spent in the two activities most closely associated with breastfeeding, sitting and lying is shown in Table 4 . There was a tendency for LACT women to spend a greater percentage of their time lying and sitting, but between-group differences were small and statistically not significant.
Dietary energy intake did not change significantly with time in LACT women but, as expected, energy intake was higher in LACT than NPNL women. In terms of absolute values, the differences were 1290, 660 and 1400 kJ=day (308, 158, 344 kcal=day) at 2.4, 5.5 and 9 months pp, respectively. Protein and fat intakes were not significantly different between LACT and NPNL women, but carbohydrate intake was higher in LACT women at 2 and 9 months pp (P ¼ 0.09 and P ¼ 0.005, respectively). In LACT women the percentage of energy intake obtained from carbohydrate and fat was not significantly different from that of NPNL women, but the percentage of energy derived from protein was lower (P ¼ 0.03).
Discussion
The intent of this study was to improve our understanding of how poor urban women in a developing country setting meet the energy costs of lactation. The women were not a random sample, but based on our experience appeared representative of the poor urban women in Cali, Colombia: they lived in poverty and had formal education limited to an average of 6 y of schooling.
Anthropometric indicators of nutritional status (BMI and arm muscle area) were within the normal range, but the women were short (156.5 AE 6.8 and 156.3 AE 5.3 cm, for LACT and NPNL women, respectively) suggesting undernutrition during growth. The women had higher percentages of body fat than might be expected for their BMIs, which may be due to the relatively low LBM in women from this population (Spurr et al, 1994b) . Achieved weight in pregnancy and infant birth weights were available for a subsample of the LACT women (n ¼ 9) and suggest normal nutritional status during pregnancy. Achieved weight in pregnancy (late third trimester) was 60.1 AE 9.7 kg, which is on about the 42nd percentile for pregnant Colombian women for weight attained by lunar month 9 (WHO, 1995) . Infant birth weights averaged 2878 AE 383 g, which is slightly less than the mean (3015 AE 658) for Colombia (WHO, 1995) . Although we had expected breastfeeding duration and frequency to decline over the three measurement rounds, and the absolute values did decline, the changes were not statistically significant. Breastfeeding frequency (times=day) was similar to that reported for other Latin American women (Cohen et al, 1995; Schutz et al, 1980) . Employed women showed a non-significant tendency to spend slightly less time breastfeeding during the hours of observation. They also breastfed less frequently in the first measurement round (2.4 months pp). These results suggest that employment, even in the informal sector, can impact breastfeeding behavior.
It is commonly assumed that the body fat gained in pregnancy is used to support lactation, and that this then results in body weight loss. The Cali women as a group did not, however, show a significant weight loss between 2.4 and 9 months pp. Nor did they show evidence of reductions in body fat mass that would indicate a mobilization of body fat to meet the energy cost of lactation. Rather they showed a non-significant tendency for fat mass to increase with time. They did, however, show a significant decrease of LBM with time, suggesting a mobilization of lean rather than fat tissue. In terms of energy, the catabolization of 2.4 kg lean tissue would make available some 44.4 MJ, or about 435 kJ=day (104 kcal=day).
Data on weight changes in other groups of lactating women show considerable variation with some groups of women remaining essentially weight stable, like the Cali women, and others exhibiting a weight loss. For example, lactating women in India, 1 -6 months pp (Madhavapeddi & Rao, 1992; Piers et al, 1995) , and in Bangladesh, 2 -8 months pp (Rashid & Ulijaszek 1999) , as well as food supplemented women in the Gambia, 3 -9 months pp (Lawrence et al, 1986) were essentially weight stable showing changes in body weight of less than 0.7 kg. In contrast, studies of lactating women in the Philippines, 1-8 months pp (Guillermo-Tuazon et al, 1992) , as well as those in Europe (Forsum, et al, 1992; Sadurkis et al, 1988; van Raaij et al, 1991) reported weight losses of 1.3 -1.4 kg in lactating women 1 -7 months pp. In the latter, the possibility that some of the weight loss was due to dieting cannot be discounted.
Loss of LBM exceeding that of fat mass have been reported for both Bengali and Swedish women (Rashid & Ulijaszek, 1999; Sadurskis et al, 1988) , but in both cases the losses occurred early in the postpartum period (0 -2 months pp), rather than later (2.4 -9 months pp), as found in the Cali women. Absolute values for both energy intake and energy expenditure tended to be higher in the LACT women, suggesting higher energy turnover. Energy intake was significantly higher in LACT as compared to NPNL women by an average of 980 kJ=day in the first 6 months and 1400 kJ=day thereafter. These values are equal to about 37% of the estimated cost of lactation (Prentice et al, 1996) in the first 6 months of lactation and about 64% thereafter. Absolute values for energy intake were lower than for TDEE in all measurement rounds, but these differences were not statistically significant. For NPNL women, energy intake was significantly less than TDEE suggesting negative energy balance in this group. This finding is difficult to explain but, as Goldberg et al, (1993) have argued may be due simply to the uncertainty introduced by the real day-to-day variation in each variable.
The significantly higher energy intake of the LACT women came primarily from carbohydrate. For this group of poor urban women increasing carbohydrate intake would be the most economical way of increasing energy intake. Piers et al, (1995) also found higher carbohydrate intakes in lactating Indian women at 3 and 6 months pp in comparison to NPNL controls. However, in a longitudinal study of lactating Swedish women Sadurskis et al, (1988) did not find any change in macronutrient composition of the lactating women's diets when compared to their pre-pregnant state. Protein and fat intakes in LACT women did not change significantly with time, nor were they significantly different than those of NPNL women. The estimated safe level of protein intake for the LACT women would be 67.7, 68.8 and 63.1 g=day at 2.4, 5.5 and 9 months pp, respectively (FAO=WHO=UNU, 1985) . Average protein intake was less than the safe level by 0.6 and 4.6 g=day at 2.4 and 5.5 months pp, respectively, and was equal to the safe level at 9 months pp. This suggests that protein intake may have been only marginally adequate, and raises the question as to whether the loss of LBM was a reflection of protein or energy needs.
Basal metabolism tended to be higher in LACT women, as would be expected due to the energy cost of milk synthesis, but between-group differences did not achieve statistical significance. With the sample sizes in this study, the smallest significant differences in BMR we could have detected with 80% power were 0.42, 0.47 and 0.57 MJ=day (at 2.4, 5.5 and 9 months pp, respectively), but the differences observed were smaller, 0.19, 0.03 and 0.13 MJ=day (at 2.4, 5.5 and 9 months pp, respectively). Alternatively, the differences observed were small enough that sample sizes of n ¼ 229 for both LACT and NPNL women would be required to show a significance at 80% power. This finding of a non-significant tendency for BMR to be higher in lactating women is in agreement with the majority of studies in both developing (Schutz et al, 1980; Singh et al, 1989; Guillermo-Tuazon et al, 1992; Madhavapeddi & Rao, 1992) , and developed countries (Goldberg et al, 1991; Illingworth et al, 1986) .
Our finding of a non-significant tendency for the basal respiratory exchange ratio to be higher in LACT women is also in agreement with most other studies (van Raaij et al, 1989; Frigerio et al, 1992; , van Raaij et al, 1991) . Butte et al, (1999) did, however, report a significantly higher fasting basal respiratory exchange ratio, which they assumed to be linked to the preferential use of glucose by the mammary gland for synthesis of the carbohydrate and protein components of milk.
TDEE, TDEE-BMR and PAL values were stable between 2.4 and 9 months pp. The values tended to be higher in LACT women, but again group differences were not large enough to achieve statistical significance. These results are similar to those found in a study of Guatemalan women (Schutz et al, 1980) using the HR method, as well as those found in studies of Swedish (Forsum et al, 1992) . North American (Butte et al, 1999) , and Gambian women (Singh et al, 1989) using the doubly labeled water method.
In summary, the women in this study met the cost of lactation principally via increased energy intake. To that we could add the catabolism of lean tissue, approximately 435 kJ=day, as well as the increase in metabolic efficiency, of about 523 kJ=day, that we demonstrated (Spurr et al, 1998) in a sample of lactating women from the same population. Together, the increased energy intake, catabolism of lean tissue and the increased energetic efficiency could account for 61% of the cost of lactation at 2.4 and 5.5 months pp and 92% at 9 months pp. Although the long-standing assumption has been that lactating women utilize the fat gained in pregnancy to support the energy costs of lactation, our findings do not support that assumption.
